Background: Associations between the combined effect of physical activity and screen based activities on health related quality of life remain largely undetermined.
Introduction
There is increasing evidence that physical activity (PA) and screentime, a marker of sedentary time, are independently associated with a range of physical health outcomes, such as obesity and Type 2 Diabetes (Hu et al., 2003) . The effects on psychological health are less clear. This presents cause to investigate the combined effect of these behaviours on psychological health; specifically, how high levels of screen-time might influence mental health in the presence or absence of PA. The purpose of the current study is to investigate associations between different combinations of PA and screen-time with health related quality of life (HRQOL) in a sample of Australian adults, and examine if these associations differ between men and women.
Methods

Sample and design
Cross-sectional data were collected from a random sample of adults from Queensland, Australia, as part of the annual Queensland Social Survey, from 2008 to 2010. Participants (aged 18 and over) were contacted by land-line telephone and interviewed using Computer-Assisted-Telephone-Interviewing by CQUniversity's Population Research Laboratory as per protocols described elsewhere (Badland and Duncan, 2009 ). Survey response rates were 37. 1%, 41.5% and 35.2% in 2008, 2009 and 2010 respectively. Data were collected for 3796 people over the three-year period. After excluding 352 participants with missing data, the sample size for this analysis was 3444. All surveys received ethical approval from the Human Ethics Research Committee at CQUniversity, Australia.
Measures
HRQOL was measured using the HRQOL-4, a valid and reliable measure of HRQOL (Centres for Disease Control and Prevention, November, 2000) . The HRQOL-4 measure consists of four questions used to report three measures of HRQOL during the past 30 days; self-rated health, unhealthy days and activity limitation days. Self-rated health was dichotomized into poor or fair health compared to good, very good or excellent health (Ford et al., 2001) . The number of days on which physical and mental health was not good were summed and dichotomised into b 14 or ≥14 unhealthy days (Moriarty et al., 2003) . Similarly, activity limitation days were dichotomised into b 14 or ≥14 days (Ford et al., 2001) .
Self-reported PA was assessed using the valid and reliable Active Australia Survey (Australian Institute of Health and Welfare, 2003; Brown et al., 2004) . Total minutes and sessions of moderate to vigorous intensity PA over the previous week were classified as: 1) sufficient PA (SPA), meeting Australian National PA Guidelines for Adults of at least 150 min of moderate Preventive Medicine 55 (2012) [46] [47] [48] [49] intensity PA/week, through the accumulation of 30 min or more on at least five days/week (Department of Health and Aging, 1999) ; 2) insufficient PA (IPA, doing some PA, but not meeting the guidelines); or 3) no PA (NPA, zero minutes of PA).
Screen-time was assessed by two questions assessing the total estimated time spent in the previous week, 1) watching TV; and 2) using a computer during leisure time and/or at work. Total time was summed together and dichotomised as either high (HST, ≥ 21 h/week) or low screen-time (LST, b 21 h/week). This threshold approximates the sample median and a level of screen based activity that is associated with increased risk of ill health (Hu et al., 2001 ). The socio-demographic and health variables assessed are listed in Table 1 .
Statistical analysis
Based on the classifications for PA and screen-time, participants were classified into 1) SPA/LST (the reference category); 2) SPA/HST; 3) IPA/LST; 4) IPA/HST; 5) NPA/LST; or 6) NPA/HST. This classification system was modified from a previously developed classification system (Sugiyama et al., 2008) .
HRQOL, screen-time, PA and covariates were described for the total group and for men and women separately, using Pearson chi-square analysis to examine gender differences. Associations between the combinations of PA and screen-time, and HRQOL were examined using logistic regression (odds ratio; OR), adjusted for socio-demographic and health covariates (age, education, income, body mass index, smoking, chronic condition and survey year; Fig. 1 ). At this stage the 'Activity Limitation Days' measure was removed as one of the HRQOL measures due to insufficient sample size across categories, resulting in separate models being run for the two remaining measures of HRQOL. Unhealthy days and self-rated health remained as the two dependent measures representing HRQOL. All analyses were stratified for gender, as previous research investigating the combined effect of PA and screen-time in relation to overweight/obesity has suggested gender differences in patterns of PA and screen-time (Sugiyama et al., 2008) . Although the primary aim was to examine associations between combinations of PA and screen-time with HRQOL, additional models including both PA (SPA, IPA and NPA) and screen-time (high and low) were run for each HRQOL outcome stratified by gender. Furthermore, an interaction term (PA * Screen-time) was added to these models. There were no statistically significant interaction effects. All analyses were undertaken using SPSS V18.0, with statistical significance set at p b 0.05. Table 1 provides an overview of the sample by socio-demographic, health and behavioural variables. The associations between patterns of PA and screen-time on unhealthy days and self-rated health are reported in Fig. 1 .
Results
Compared to participants doing SPA/LST (referent category), men and women who reported NPA in combination with both high and low screen-time were more likely to have lower HRQOL. Men were more likely to report ≥ 14 unhealthy days and to rate their health as poor/fair, and the association was stronger in those doing NPA/HST than in those doing NPA/LST (≥14 unhealthy days: OR = 4.52, 95% CI 2.82-7.25 for NPA/HST versus OR = 2.29, 95% CI 1.37-3.80 for NPA/LST; poor/fair health: OR = 3.15, 95% CI 1.92-5.15 for NPA/HST versus OR = 2.17, 95% CI 1.30-3.63 for NST/LST). Although women doing NPA were more likely to report ≥ 14 unhealthy days, the associations were less pronounced than in men and similar for high or low screen-time (≥14 unhealthy days: OR = 1.84, 95% CI 1.16-2.92 for NPA/HST versus OR = 1.87, 95% CI 1.15-3. for NPA/LST). Only women doing NPA/HST were significantly more likely to report their health as poor/fair (OR = 1.98 95% CI, 1.19-3.31).
The additional models, including PA and screen-time as separate variables, showed that compared to participants doing SPA, men and women doing NPA were more likely to report ≥14 unhealthy days (men: OR = 2.60, 95% CI 1.86-3.63; women: OR = 1.87, 95% CI 1.33-2.63) and to rate their health as fair/poor (men: OR = 2.39, 95% CI 1.68-3.39; women: OR = 1.91, 95% CI 1.30-2.82). Additionally men reporting HST were more likely to report ≥14 unhealthy days (OR = 1.48, 95% CI 1.12-1.92). Detailed results of these multivariable models are presented in Appendix A.
Discussion
This is the first study to examine the influence of screen-time on HRQOL for different levels of PA in an Australian adult population. The results demonstrate that the combination of high screen-time and no PA was consistently associated with lower HRQOL, especially in men.
Previous research has demonstrated that individuals can meet the recommended level of PA and still compromise their metabolic health when they sit for extended periods (Owen et al., 2010) . As the current evidence predominantly applies to metabolic health, the authors were interested to see if the basic premise of the statement held true when investigating the associations between patterns of PA and screen-time on HRQOL. The findings of this study demonstrate some support for this statement, more so in men than in women, but they provide the greatest support for the detrimental association between no PA and HRQOL, regardless of high or low screen-time. However, the presence of high levels of screen-time exacerbated this relationship. For example, men who were recording SPA were more likely to report ≥14 unhealthy days if they were also reporting high levels of screen-time. Several mechanisms may explain these patterns. Sufficient PA is associated with reduced risk of chronic disease and depression, both of which are subsequently associated with better HRQOL. This could potentially provide a pathway for positive effects of sufficient PA on HRQOL. Additionally, less time spent in screen based activities, independent from PA levels, is associated with a reduced risk of metabolic syndrome, Type 2 Diabetes and cardiovascular disease and mortality (Owen et al., 2010) . The positive effects on physical and mental health from both high PA and low screen-time might then have a synergistic effect on HRQOL beyond that which may be achieved by either behaviour separately. Future research may also examine the effect of screen-time in finer categories than used in the current analysis to clarify the role that screen-time has in influencing health. Such analysis was not possible in the current study due to the distribution of behaviours. Although the combination of NPA/HST was consistently associated with lower HRQOL in both genders, the effect of screen-time on HRQOL was minimal in women compared to men. Gender differences have also been observed in previous studies examining joint associations of PA and screen-time and the risk of overweight or obesity (Sugiyama et al., 2008) , and metabolic health risk . The difference in these studies and our findings is that whilst the aforementioned studies found stronger associations for women, our findings indicate the opposite. Differences between study outcomes may be related to methodological issues including differences associated with assessing physical health compared to psychological health outcomes or differences in the representativeness of the assessed screen based activities between genders.
Strengths and limitations
A significant strength of the study was the large sample size used in the analysis. The cross-sectional design was a limitation, as it does not allow for examination of causal relationships. Additionally wide confidence intervals were observed for some behavioural categories in the logistic regression analysis and as such the outcomes should be interpreted with caution. A further limitation is the use of self-report measures.
Conclusion
The current study demonstrates that although PA was a more important factor relative to screen-time in determining HRQOL, the combined effect of no PA and high screen-time consistently had the greatest negative impact on HRQOL across the two measures for both genders. Men seem more susceptible to the detrimental effects of high screen-time on HRQOL, regardless of PA level. These results suggest that both increasing PA and reducing screen-time may be useful strategies to improve HRQOL, particularly for men, although the cross-sectional nature of the data should be considered. Further research including longitudinal research is needed to replicate the outcomes of the current study.
Supplementary data to this article can be found online at http:// dx.doi.org/10.1016/j.ypmed.2012.05.003.
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